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(57) ABSTRACT

A method for using an airfield Light Fidelity (LiF1) system
in an airfield to exchange optical wireless data communica-
tions with an aircraft. The method (1) detects aircrait exterior
lights including aircraft LED lamps, via a plurality of airfield
photo detectors, wherein the airfield LiF1 system comprises
the plurality of airfield photo detectors positioned at inter-
vals along a runway of the airfield; (1) 1n response to
detecting the aircraft exterior lights, establishes a commu-
nication connection to an aircrait LiF1 system comprising
the aircrait LED lamps and aircrait photo detectors, by the
airfield LiF1 system; and (111) exchanges the optical wireless
data communications via the communication connection, by
the airfield LiF1 system, by: receiving commumnications from
aircraft LED lamps, via airfield photo detectors; transmitting

communications to aircraft photo detectors, via airfield LED
lamps; and presenting ground station notifications.

16 Claims, 12 Drawing Sheets
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USING AN AIRFIELD LiFi SYSTEM TO EXCHANGE OPTICAL WIRELESS
DATA COMMUNICATIONS WITH AN AIRCRAFT, THE AIRFIELD LiF
SYSTEM COMPRISING A PLURALITY OF AIRFIELD LED LAMPS & AT
LEAST ONE AIRFIELD PROCESSOR

2100,

DETECT AIRCRAFT EXTERIOR LIGHTS INCLUDING AT LEAST ONE
AIRCRAFT LED LAMP, VIA A PLURALITY OF AIRFIELD PHOTO DETECTORS
COMMUNICATIVELY COUPLED TO THE AT LEAST ONE AIRFIELD 00?2
PROCESSOR, WHEREIN THE AIRFIELD LiFi SYSTEM COMPRISES THE
PLURALITY OF ARRFIELD PHOTO DETECTORS POSITIONED AT INTERVALS
ALONG THE RUNWAY OF THE AIRFIELD

N RESPONSE TO DETECTING THE AIRCRAFT EXTERIOR LIGHTS,
ESTABLISH A COMMUNICATION CONNECTION TO AN AIRCRAFT LiF) oO4

SYSTEM COMPRISING THE AT LEAST ONE AIRCRAFT LED LAMP
AND AT LEAST ONE AIRCRAFT PHOTO DETECTOR

EXCHANGE THE OPTICAL WIRELESS DATA COMMUNICATIONS VIA 210/6
THE COMMUNICATION CONNECTION, BY THE AIRFIELD LiFi SYSTEM

FlG. ©
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EXCHANGING THE OPTICAL WIRELESS DATA COMMUNICATIONS VIA 700
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PRESENT GROUND STATION NOTIFICATIONS ASSOCIATED
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IDENTIFYING A POTENTIAL RUNWAY EXCURSION AND/OR &00
POTENTIAL RUNWAY INCURSION USINGLIFIDATA

COMPUTE A CURRENT POSITION OF THE AIRCRAFT BASED
ON AIRCRAFT DATA RECEIVED VIA THE PLURALITY OF

AIRFIELD PHOTO DETECTORS, BY THE AT LEAST ONE o0z
AIRFIELD PROCESSOR, WHEREIN THE AIRCRAFT DATA
COMMUNICATIONS COMPRISE AT LEAST THE AIRCRAFT DATA 810
204 PRESENT AN ALERT THAT THE CURRENT
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RUNWAY EXCURSION AND/ OR POTENTIA
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INCURSION, VIA THE DISPLAY DEVICE,
WHEREIN THE GROUND STATION NOTIFICATIONS
COMPRISE THE ALERT

NO

PRESENT AN ALERT THAT THE CURRENT POSITION
DOES NOT INDICATE THE POTENTIAL RUNWAY PLURALITY OF ARFIELD LED LAMPS
EXCURSION AND/OR POTENTIAL RUNWAY
INCURSION, VIA THE DISPLAY DEVICE 8506 812
WHEREIN THE GROUND STATION NOTIFICATIONS

COMPRISE THE ALERT
TRANSMIT THE ALERT TO THE AIRCRAFT, VIA THE o085
PLURALITY OF AIRFIELD LED LAMPS

FIG. &
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COMPUTING THE CURRENT POSITION; AFTER ESTABLISHING
THE COMMUNICATION CONNECTION FROM THE ARRFIELD LiF
SYSTEM TO THE AIRCRAFT LiFi SYSTEM

RECEIVE AN AIRCRAFT DATA TRANSMISSION COMPRISING

THE AIRCRAFT DATA, VIA THE PLURALITY OF PHOTO DETECTORS,
THE AIRCRAFT DATA INCLUDING AT LEAST AN AIRCRAFT SPEED

OBTAIN TIME DATA AND LOCATION DATA ASSOCIATED WITH

THE PLURALITY OF AIRFIELD PHOTO DETECTORS OF THE AIRFIELD

LIFI SYSTEM

TRIANGULATE THE CURRENT POSITION OF THE AIRCRAFT, BASED

ON DETECTING THE AIRCRAFT EXTERIOR L

SPEED, THE TIME DATA, AND THE LOCATIC
WITH THE PLURALITY OF AIRFIELD PHOTO DETECTORS
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DETERMINING WHETHER THE CURRENT POSITION 1000
INDICATES A POTENTIAL RUNWAY EXCURSION

CALCULATE A DISTANCE OF USABLE RUNWAY

REMAINING DURING OPERATION OF THE AIRCRAFT, 1002
BASED ON THE CURRENT POSITION AND RUNWAY DATA,

BY THE AT LEAST ONE AIRFIELD PROCESSOR

DETERMINE WHETHER THE DISTANCE OF USABLE RUNWAY
INDICATES THE POTENTIAL RUNWAY EXCURSION, BASED
ON THE CURRENT POSITION, AN AIRCRAFT SPEED, TIME 1004
DATA, AND LOCATION DATA ASSOCIATED WITH THE
PLURALITY OF ARFIELD PHOTO DETECTORS OF THE AIRFIELD
LIFI SYSTEM, BY THE AT LEAST ONE AIRFIELD PROCESSOR

1010

1000

GENERATE THE ALERT TO INCLUDE
THE DISTANCE OF USABLE RUNWAY

DISTANCE
INDICATES THE POTENTIAL RUNWAY
EXCURSION?

YES

REMAINING AND A NOTIFICATION
THAT THE DISTANCE INDICATES A

POTENTIAL RUNWAY EXCURSION

NO

GENERATE THE ALERT TO INCLUDE THE DISTANCE OF
USABLE RUNWAY REMAINING AND A NOTIFICATION 10086

THAT THE DISTANCE DOES NOT INDICATE POTENTIAL
RUNWAY EXCURSION
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TRANSMITTING AIRFIELD DATA COMMUNICATIONS MO0
USING AN AIRFIELD LiFi SYSTEM

OBTAIN A DATA DOWNLOAD FOR AN AIRCRAFT ONBOARD SYSTEM

COMMUNICATIVELY COUPLED TO THE AIRCRAFT LiFi SYSTEM ONBOARD THE b~ 1102
ARCRAFT. BY THE AT LEAST ONE AIRFIELD PROCESSOR
TRANSHIT THE DATA DOWNLOAD TO THE ARCRAFT ONBORD SYSTEM VIA] . -,
THE PLURALITY OF AIRFIELD LED LAVIPS, WHEREIN THE AIRFIELD DATA

COMMUNICATIONS COMPRISE AT LEAST THE DATA DOWNLOAD

FIG. 11

RECEIVING AIRCRAFT DATA COMMUNICATIONS 1200
USING AN AIRFIELD LiFi SYSTEM

RECEIVE A DATA UPLOAD FROM THE AT LEAST ONE AIRCRAFT LED LAMP 1202
OF THE AIRCRAFT LiFi SYSTEM ON BOARD THE AIRCRAFT

N RESPONSE TO RECEIVING THE DATA UPLOAD, TRANSMIT THE DATA
UPLOAD TO A STORAGE LOCATION. VIA-A COMMUNICATION DEVICE

COMMUNICATIVELY COUPLED TO THE AT LEAST ONE AIRFIELD PROCESSOR, 1204
WHEREIN THE AIRCRAFT DATA COMMUNICATIONS COMPRISE AT LEAST THE

DATA UPLOAD
RESPONSE TO RECEIVING THE DATA UPLOAD, PRESENT AN ALERT FOR THE 1206

DATA UPLOAD, VIA THE DISPLAY DEVICE, WHEREIN THE GROUND STATION
NOTIFICATIONS COMPRISE AT LEAST THE ALERT

FlG. 12
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DETERMINING WHETHER THE CURRENT POSITION 1500
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DETERMINE WHETHER THE DISTANCE OF USABLE RUNWAY
INDICATES THE POTENTIAL RUNWAY INCURSION, BASED
ON THE CURRENT POSITION, THE POSITION OF THE
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SYSTEM, BY THE AT LEAST ONE AIRFIELD PROCESSOR

15006

1512

15086

GENERATE THE ALERT TO INCLUDE
THE DISTANCE OF USABLE RUNWAY

DISTANCE
INDICATES THE POTENTIAL RUNWAY
INCURSION?

YES

REMAINING AND A NOTIFICATION
THAT THE DISTANCE INDICATES A
POTENTIAL RUNWAY INCURSION

NO

GENERATE THE ALERT TO INCLUDE THE DISTANCE OF
USABLE RUNWAY REMAINING AND A NOTIFICATION 1510

THAT THE DISTANCE DOES NOT INDICATE POTENTIAL
RUNWAY INCURSION

FIG. 15



U.S. Patent Jul. 28, 2020 Sheet 12 of 12 US 10,727,941 B1

RECEIVING AIRCRAFT DATA COMMUNICATIONS USING AN

AIRFIELD LiFi SYSTEM. INCLUDING REMAINING USABLE 1400
TIVE FOR ARCRAFT EXTERIOR LIGHTS

RECEIVE A DATA UPLOAD FROM THE AT LEAST ONE

ARCRAFT LED LAMP OF THE AIRCRAET LIFI SYSTEM o

ONBOARD THE AIRCRAFT, INCLUDING AT LEAST
MAINTENANCE DATA COMPRISING A REMAINING
USABLE TIME FOR THE AIRCRAFT EXTERIOR LIGHTS

IN RESPONSE TO RECEIVING THE DATA UPLOAD, TRANSMIT
THE DATA UPLOAD TO A STORAGE LOCATION, VIA A
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THE AT LEAST ONE AIRFIELD PROCESSOR, WHEREIN THE
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SYSTEMS AND METHODS FOR
TRANSMITTING AND RECEIVING DATA
USING LIGHT FIDELITY (LIKI) FOR
IMPROVED AERODROME OPERATIONS

TECHNICAL FIELD

Embodiments of the subject matter described herein relate
generally to applying Light Fidelity (LiF1) technology to the
exchange of data communications in an acrodrome environ-
ment. More particularly, embodiments of the subject matter
relate to transmitting and receiving optical wireless data
communications via light and photo detection during per-
formance ol aerodrome operations.

BACKGROUND

Computer systems are significantly mmvolved 1 various
aspects ol everyday life, and provide convenient access to
information when needed. Location-independent informa-
tion access icreasingly depends on wireless data exchange,
which 1s typically performed using standardized wireless
communications protocols that include specified communi-
cation ranges of the radio frequency (RF) spectrum. The
everyday use of personal computing devices 1s extensive,
and continues to increase as technology advances. However,
capacity limitations of the crowded RF spectrum can poten-
tially constrain wireless data exchange requirements for
advancements in computing technology.

Accordingly, 1t 1s desirable to expand wireless commu-

nications capabilities for computing applications. Further-
more, other desirable features and characteristics will
become apparent from the subsequent detailed description
and the appended claims, taken 1n conjunction with the
accompanying drawings and the foregoing technical field
and background.

BRIEF SUMMARY

Some embodiments of the present disclosure provide a
method for using an airfield Light Fidelity (LiF1) system in
an airfield to exchange optical wireless data communications
with an aircraft, the airfield LiF1 system comprising at least
a plurality of airfield light-emitting diode (LED) lamps, and
at least one airfield processor. The method (1) detects aircraft
exterior lights including at least one aircraft LED lamp, via
a plurality of airfield photo detectors communicatively
coupled to the at least one airfield processor, wherein the
airfield LiF1 system comprises the plurality of airfield photo
detectors positioned at intervals along a runway of the
airfield; (1) 1 response to detecting the aircraft exterior
lights, establishes a communication connection to an aircratt
L1F1 system comprising the at least one aircrait LED lamp
and at least one aircrait photo detector, by the airfield LiFi
system; and (111) exchanges the optical wireless data com-
munications via the communication connection, by the
airfield LiF1 system, by: receiving aircraft data communi-
cations from the at least one aircraft LED lamp onboard the
aircraft, via the plurality of airfield photo detectors; trans-
mitting airfield data communications to at least one aircraift
photo detector onboard the aircraft, via the plurality of
airficld LED lamps, wherein the optical wireless data com-
munications comprise the aircrait data communications and
the airfield data commumications; and presenting ground
station notifications associated with at least one of the
atrcraft data commumnications and the airfield data commu-
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nications, via a display device communicatively coupled to
the at least one airfield processor.

Some embodiments of the present disclosure provide an
airfield Light Fidelity (LiF1) system positioned 1n an airfield
and used to exchange optical wireless data communications
with an aircrait. The airfield LiF1 system includes: a plurality
of airfield LED lamps configured to transmit the optical
wireless data communications to an aircraft LiF1 system
onboard the aircraft, the plurality of airfield LED lamps
being positioned at intervals along a runway of the airfield;
a plurality of airfield photo detectors configured to receive
the optical wireless data communications from the aircraft
LiF1 system, the plurality of airfield photo detectors being
positioned at intervals along a runway of the airfield; a
display device configured to present graphical elements and
text for the airfield LiF1 system; and at least one airfield
processor communicatively coupled to the plurality of air-
ficld LED lamps, the plurality of airfield photo detectors,
and the display device, the at least one airfield processor
configured to: detect aircrait exterior lights including at least
one aircrait LED lamp, via the plurality of airfield photo
detectors; 1n response to detecting the aircraft exterior lights,
establish a communication connection to the aircraft LiFi
system comprising the at least one aircraft LED lamp and at
least one aircrait photo detector; and exchange the optical
wireless data communications via the communication con-
nection, by: receiving aircrait data communications from the
at least one aircrait LED lamp onboard the aircraft, via the
plurality of airfield photo detectors; transmitting airfield data
communications to at least one aircraft photo detector
onboard the aircrait, via the plurality of airfield LED lamps,
wherein the optical wireless data communications comprise
the aircrait data communications and the airfield data com-
munications; and presenting ground station notifications
associated with at least one of the aircraft data communi-
cations and the airfield data communications, via the display
device.

This summary 1s provided to introduce a selection of
concepts 1 a simplified form that are further described
below 1n the detailed description. This summary 1s not
intended to 1dentify key features or essential features of the
claimed subject matter, nor 1s 1t intended to be used as an aid
in determining the scope of the claimed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete understanding of the subject matter may
be derived by referring to the detailed description and claims
when considered in conjunction with the following figures,
wherein like reference numbers refer to similar elements
throughout the figures.

FIG. 1 1s a diagram of a system for transmitting and
receiving data using Light Fidelity (LiF1) technology during
acrodrome operations performed by an aircrait landing 1n an
airfield, 1n accordance with the disclosed embodiments;

FIG. 2 1s a functional block diagram of an airfield LiF1
device operating as a receiver, 1n accordance with the
disclosed embodiments;

FIG. 3 1s a functional block diagram of an aircraft LiF1
device operating as a receiver, in accordance with the
disclosed embodiments;

FIG. 4 1s a functional block diagram of an airfield LiF1
computing device, 1n accordance with the disclosed embodi-
ments;

FIG. 5 1s a functional block diagram of an aircraft LiF1
computing device, 1n accordance with the disclosed embodi-
ments;
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FIG. 6 1s a tlow chart that illustrates an embodiment of a
process for using an airfield LiF1 system in an airfield to

exchange optical wireless communications with an aircraft,
in accordance with the disclosed embodiments;

FIG. 7 1s a flow chart that illustrates an embodiment of a
process for exchanging optical wireless data communica-
tions via a communication connection between an airfield
[L1F1 system and an aircraft LiF1 system, 1n accordance with
the disclosed embodiments:

FIG. 8 1s a tlow chart that illustrates an embodiment of a
process for identifying potential aircraft runway excursions
and/or potential runway incursions, using a LiF1 system, 1n
accordance with the disclosed embodiments;

FI1G. 9 1s a flow chart that illustrates an embodiment of a
process for computing a current aircrait position based on
aircraft LiF1 data transmissions, i1n accordance with the
disclosed embodiments;

FIG. 10 1s a tlow chart that illustrates an embodiment of
a process for determining whether a current aircrait position
indicates a runway excursion, i accordance with the dis-
closed embodiments:

FIG. 11 1s a tlow chart that illustrates an embodiment of
a process lor transmitting airfield data communications
using an airfield LiF1 system, in accordance with the dis-
closed embodiments;

FIG. 12 1s a tlow chart that illustrates an embodiment of
a process for receiving aircraft data communications using
an airfield LiF1 system, in accordance with the disclosed
embodiments; and

FIG. 13 1s a tlow chart that illustrates an embodiment of
a process for determining whether a current aircrait position
indicates a runway incursion, in accordance with the dis-
closed embodiments; and

FI1G. 14 1s a flow chart that illustrates an embodiment of
a process for receiving aircrait data communications, includ-
ing aircrait maintenance data, using an airfield LiF1 system,
in accordance with the disclosed embodiments.

DETAILED DESCRIPTION

The following detailed description 1s merely 1llustrative in
nature and 1s not intended to limit the embodiments of the
subject matter or the application and uses of such embodi-
ments. As used herein, the word “exemplary” means “serv-
ing as an example, instance, or illustration.” Any implemen-
tation described herein as exemplary 1s not necessarily to be
construed as preferred or advantageous over other imple-
mentations. Furthermore, there 1s no intention to be bound
by any expressed or implied theory presented in the preced-
ing technical field, background, brief summary or the fol-
lowing detailed description.

The subject matter presented herein relates to systems and
methods for transmitting and receiving data communica-
tions using Light Fidelity (LiF1) technology to enhance the
safety and efliciency of aerodrome operations by: (1)
enabling communications outside of the typical radio ire-
quency (RF) spectrum; (11) facilitating automatic data com-
munication exchange between an aircrait in an airfield; and
(111) automatically predicting potential runway incursions
and excursions prior to potential occurrence.

LiF1 1s wireless communications technology that uses
light for data transmaission. LiF1 devices perform optical
wireless communications, and typically use light from light-
emitting diodes (LEDs) as a medium to deliver networked,
mobile, high-speed communication. Advantages of using
L1F1 may include, but are not limited to: (1) the data transter
rate for internet applications 1s higher than typical data
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4

transmissions and provides an increased amount of security
for data communication; (2) the Li-Fi1 devices consume a
low amount of power for operation and are thus beneficial
for use 1n Internet of Things (IoT) applications; (3) Li-Fi
technology uses the optical spectrum and thus avoids using
the already-crowded radio frequency (RF) spectrum; (4)
L1-F1 systems operate using optical bands which are not
known to be harmful to humans, and thus there are no known
health concerns 1 a Li-Fi based system; (5) Li-F1 based
devices and systems reduce the amount of energy required
for a lighting applications; and (6) Li-F1 based devices and
systems generally do not require complicated installation
procedures, and thus are generally easy to install. Contem-
plated herein are techniques to exchange data communica-
tions between an aircrait onboard LiF1 system and a LiFi
system that has been deployed 1n an airfield and positioned
at intervals along a runway, to facilitate communications and
alerting between the aircraft and ground control station
during landing and surface movement on the runway.
Referring to the figures, FIG. 1 1s a diagram of a system
100 for transmitting and receiving data using Light Fidelity
(LiF1) technology during aerodrome operations, in accor-
dance with the disclosed embodiments. More specifically,
the system 100 1s used to facilitate the exchange of LiF1 data
communications between: (1) an aircraft 102 landing in an
airfield, and (2) a ground station associated with the airfield.
The system 100 operates to enable the exchange of data
between the aircrait 102 and the ground station using visible
light communications (e.g., LiF1), for purposes of improving
the safety and efliciency of aerodrome operations. The
system 100 includes an aircrait 102 traveling on, or
approaching, a runway 104 in an airfield associated with an
air traflic control (ATC) tower or other ground station. The
aircraft 102 1s equipped with an aircrait LiF1 system 108,
and the ground station uses an airfield LiF1 system 106 that
includes LiF1 device hardware positioned at intervals along
the runway 104. In practice, certain embodiments of the
system 100 may include additional or alternative elements
and components, as desired for the particular application.
The aircraft 102 may be any aviation vehicle equipped
with an aircraft LiF1 system 108. The aircraft 102 may be
implemented as an airplane, helicopter, spacecrait, hover-
craft, or the like. The aircraft LiF1 system 108 and the airfield
L1F1 system 106 are configured to exchange data commu-
nication messages as the aircrait 102 travels within a light
detection range of the airfield LiFi1 system 106. As described
herein with regard to FIGS. 2-3, the aircrait LiF1 system 108
and the airfield LiFi1 system 106 include the same compo-
nents, and each of the aircraft LiFi1 system 108 and the
airfield LiF1 system 106 include the capability to operate as
a transmitter and a receiver. Using the aircrait LiF1 system
108 and the airfield LiF1 system 106, sets of data are
transmitted using visible light communication techniques.
Visible light communications operates by switching the
current to the aircraft LED lamp off and on at a high rate,
creating rapid changes in the LED beam that are typically
not visible. Signal processing 1s used to convert the set of
data into an LED-compatible format, and the set of data 1s
provided to an LED lamp. The set of data 1s embedded in the
LED beam generated by the LED lamp, and 1s transmaitted
at rapid speeds to a photo detector. The LED beam that
includes rapid changes 1s received by the photo detector and
then converted mto an electrical signal, and then a binary
data stream representative of the transmitted set of data, by
a communicatively coupled computing device. In this way,
the sets of data area transmitted via light emitting diode
(LED) beams produced by a first LiF1 system, and received
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via photo detectors of a second LiF1 system. Thus, using
visible light communication techniques, data messages are
transmitted and received between the aircraft 102 and the
ground station associated with the airfield and the runway
104.

During typical operation, the aircraft 102 approaches and
lands on the runway 104, and the airfield LiFi1 system 106
detects exterior lights of the aircraft 102 when the aircrait
102 travels into a light detection range of the airfield LiF1
system 106. Once the aircrait 102 1s detected by the airfield
L1F1 system 106, communications are enabled between the
atrcraft 102 and the ground station via the airfield LiFi
system 106. The airfield LiF1 system 106 obtains real-time
aircrait parameter data from the aircraft LiF1 system 108 that
1s communicatively coupled to avionics systems onboard the
aircrait 102. The airfield LiF1 system 106 1s further config-
ured to use the obtained aircraft parameter data to identify
situations in which performance of the aircraft 102 exceeds
one or more thresholds, thus rendering aircrait operations
outside of acceptable limits. In response to exceeding a
performance threshold, the system 100 provides alerts and
notifications to ground control and to the aircraft 102, to
inform personnel of a situation requiring intervention.

FIGS. 2 and 3 are functional block diagrams of LiFi
devices implemented 1n a ground-based airfield and imple-
mented onboard an aircraft, as shown in FIG. 1, references
106, 108. FIG. 2 1s a functional block diagram of an airfield
L1F1 device 200 operating as a receiver that receives data
communications transmitted by an aircraft LiF1 device oper-
ating as a transmitter. The airfield LiF1 device 200 1is
configured to exchange data communications with an air-
craft LiF1 device (see reference 300, FIG. 3).

The airfield LiFi1 device 200 includes ground airfield
lights 202, an airfield LiFi1 computing device 208, and an
airfiecld photo detector 210. The ground airfield lights 202
are 1mplemented as airfield light emitting diode (LED)
lamps configured to generate LED beams that include
embedded data communications, for purposes of data trans-
mission when the airfield LiF1 device 200 operates as a
transmitter, as described with regard to FIG. 3. However, 1n
the embodiment shown 1n FIG. 2, the airfield LiF1 device
200 operates as a recerver and the ground airfield lights 202
are not shown to operate as a transmitter 1n FIG. 2. The
airfield photo detector 210 1s implemented as a light sensor
that detects and absorbs light, and that also converts the
optical energy to measurable electric current. The airfield
LiF1 computing device 208 1s implemented as any comput-
ing device that includes at least one processor, some form of
memory hardware, and communication connections to the
airfield photo detector 210 and the ground airfield lights 202.

During typical operation, the airfield LiF1 device 200
operates as a receiver and, 1n this capacity, receives mput
data transmissions from an aircrait light emitting diode
(LED) lamp transmitter 204. The airfield photo detector 210
detects an LED beam of light produced by the aircrait LED
lamp transmitter 204. The airfield photo detector 210 con-
verts the optical energy of the LED beam into an output
clectric current signal. Using the output data from the
airficld photo detector 210, the airfield LiF1 computing
device 208 performs amplification and processing to convert
the output data 1into a binary data stream representative of the
input data transmission received from the aircrait LED lamp
transmitter 204. Thus, the airfield LiF1 device 200 receives
a transmitted data communication via a beam of light.

FIG. 3 1s a functional block diagram of an aircraft LiFi
device 300 operating as a receiver that recerves data com-
munications transmitted by an airfield LiF1 device operating,
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as a transmitter. The aircraft LiF1 device 300 1s configured to
exchange data communications with an airfield LiF1 device
(see reference 200, FIG. 2).

The aircraft LiF1 device 300 includes aircraft lights 304,
an aircraft LiF1 computing device 308, and an aircraft photo
detector 310. The airfield light emitting diode (LED) lamp
transmitter 302 1s implemented as airfield LED lamps con-
figured to generate LED beams that include embedded data
communications, for purposes of data transmission when the
aircraft LiF1 device 300 operates as a transmitter (as
described with regard to FIG. 2). However, 1n the embodi-
ment shown 1n FIG. 3, the aircraft LiF1 device 300 operates
as a receiver and the aircraft lights 304 are not shown to
operate as a transmitter in FIG. 3. The aircraft photo detector
310 1s implemented as a light sensor that detects and absorbs
light, and that also converts the optical energy to measurable
clectric current. The aircrait LiF1 computing device 308 1s
implemented as any computing device that includes at least
one processor, some form of memory hardware, and com-
munication connections to the aircrait photo detector 310
and the aircraft lights 304.

During typical operation, the aircraft LiFi1 device 300
operates as a receiver and, 1n this capacity, receives mput
data transmissions from the airfield LED lamp transmitter
302. The aircrait photo detector 310 detects an LED beam of
light produced by the airfield LED lamp transmatter 302. The
aircrait photo detector 310 converts the optical energy of the
LED beam 1into an output electric current signal. Using the
output data from the aircrait photo detector 310, the aircrait
LiF1 computing device 308 performs amplification and
processing to convert the output data mto a binary data
stream representative of the mput data transmission received
from the airfield LED lamp transmitter 302. Thus, the
aircrait LiF1 device 300 recerves a transmitted data commu-
nication via a beam of light.

FIG. 4 1s a functional block diagram of an airfield Light
Fidelity (LiF1) computing device 400, in accordance with
the disclosed embodiments. It should be noted that the
airfield LiF1 computing device 400 can be implemented as a
component part of airfield LiF1 system 106 depicted in FIG.
1 and the airfield LiF1 computing device 208 of FIG. 2. In
this regard, the airfield LiF1 computing device 400 shows
certain elements and components of the airfield LiF1 system
106 and the airfield LiF1 computing device 208 1in more
detail.

The airfield LiF1 computing device 400 generally
includes, without limitation: at least one processor 402;
system memory 404; a light emitting diode (LED) lamps
driver module 406; an airfield light emitting diode (LED)
lamps communications module 408; an airfield photo detec-
tors communications module 410; an airfield Light Fidelity
(L1F1) data module 412; a Light Fidelity (LiF1) communi-
cations initiation module 414; a Light Fidelity (LiF1) data
exchange module 416; a current aircraft status and compli-
ance module 418; an alerting module 420; an external
communications device 422; and a display device 424.

These elements and features of the airfield LiF1 comput-
ing device 400 may be operatively associated with one
another, coupled to one another, or otherwise configured to
cooperate with one another as needed to support the desired
functionality, as described herein. For ease of illustration
and clanty, the various physical, electrical, and logical
couplings and interconnections for these elements and fea-
tures are not depicted i FIG. 4. Moreover, 1t should be
appreciated that embodiments of the airfield LiF1 computing
device 400 will include other elements, modules, and fea-
tures that cooperate to support the desired functionality. For
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simplicity, FIG. 4 only depicts certain elements that relate to
the LiF1 data transmission techniques described in more
detail below.

The at least one processor 402 may be implemented or
performed with one or more general purpose processors, a
content addressable memory, a digital signal processor, an
application specific integrated circuit, a field programmable
gate array, any suitable programmable logic device, discrete
gate or transistor logic, discrete hardware components, or
any combination designed to perform the functions
described here. In particular, the at least one processor 402
may be realized as one or more microprocessors, controllers,
microcontrollers, or state machines. Moreover, the at least
one processor 402 may be implemented as a combination of
computing devices, e€.g., a combination of digital signal
processors and microprocessors, a plurality of microproces-
SOrs, ONE€ Or mMore miCroprocessors i conjunction with a
digital signal processor core, or any other such configura-
tion.

The at least one processor 402 1s commumicatively
coupled to the system memory 404. The system memory 404
1s configured to store any obtained or generated data and
graphical elements associated with Light Fidelity (LiF1)
signal transmission and/or conversion, identifying aircraft
parameters exceeding normal limaits, alerting and notifica-
tions for ground control and the aircrait. The system
memory 404 may be realized using any number of devices,
components, or modules, as appropriate to the embodiment.
Moreover, the airfield LiF1 computing device 400 could
include system memory 404 integrated therein and/or a
system memory 404 operatively coupled thereto, as appro-
priate to the particular embodiment. In practice, the system
memory 404 could be realized as RAM memory, flash
memory, EPROM memory, EEPROM memory, registers, a
hard disk, a removable disk, or any other form of storage
medium known 1n the art. In certain embodiments, the
system memory 404 includes a hard disk, which may also be
used to support functions of the airfield LiF1 computing
device 400. The system memory 404 can be coupled to the
at least one processor 402 such that the at least one processor
402 can read information from, and write information to, the
system memory 404. In the alternative, the system memory
404 may be integral to the at least one processor 402. As an
example, the at least one processor 402 and the system
memory 404 may reside 1n a suitably designed application-
specific itegrated circuit (ASIC).

The light emitting diode (LED) lamps driver module 406
1s configured to 1nmitiate, enable, and configure operation of
the airficld LED lamps and the airfield LiF1 computing
device 400. The LED lamps driver module 406 initiates or
“triggers” typical light-generating operations of the LED
lamps. The LED lamps driver module 406 also facilitates the
signal processing, embedding data messages 1n light beams
of the LED lamps, security of the data, and transmuits the data
message using the light beams. Thus, the LED lamps driver
module 406 1mitiates normal LED lamp operations and LiF1
data transmitting and receiving capabilities.

The airfield light emitting diode (LED) lamps communi-
cations module 408 1s configured to provide data messages
to the airfield LED lamps for transmission from the airfield
LiF1 computing device 400 to the aircraft LiF1 system. The
airficld LED lamps communications module 408 is further
configured to obtain data messages from the airficld LED
lamps that have been received by the airfield LiFi1 computing
device 400 from the aircrait LiF1 system via the airfield LED
lamps. Thus, the airfield LED lamps communications mod-
ule 408 exchanges data between the airfield LiF1 computing,
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device 400 and the communicatively coupled airfield LED
lamps that are positioned at intervals along a runway of an
airfield.

The airfield photo detectors communications module 410
1s configured to obtain an output data signal from a plurality
of airfield photo detectors used as component parts of an
airfield LiF1 system. Typically, the airfield photo detectors
communications module 410 obtains and converts the out-
put data signal into a binary data stream that represents the
set of data received by the airfield LiF1 system and trans-
mitted by the aircrait LiF1 system.

The airfield Light Fidelity (LiF1) data module 412 1s
configured to interpret the received LiF1 data included 1n the
binary data stream, and to identify appropriate actions for
initiation and/or performance by the airfield LiF1 computing
device 400. In some embodiments, the received LiF1 data
includes aircraft position data, an aircrait identification
number (e.g., an aircraft tail number), runway data, time
data, aircraft speed data, tlight plan data, aircrait compliance
data, aircralft maintenance recorder data, or the like. In this
scenari1o, the airfield LiFi1 computing device 400 obtains the
uploaded aircraft parameter data, determines whether opera-
tion of the aircraft exceeds normal limits, whether the
aircraft 1s operating in compliance with a published and
approved flight plan, and whether current conditions 1ndi-
cate likelihood of a potential runway excursion and/or
potential runway incursion.

The Light Fidelity (LiF1) communications mitiation mod-
ule 414 1s configured to trigger or initiate the establishment
of a communication connection between the airfield LiFi
system and the aircraft LiFi1 system, for purposes of
exchanging data using visible light communications by
embedding a data communication message 1 a beam of
light. Typically, the LiF1 communications initiation module
414 mitiates the establishment of the communication con-
nection, and mitiates all subsequent LiF1 data exchanges
using the communication connection, in response to detect-
ing the presence of the exterior lights of the aircraft within
a light detection range of the airfield photo detectors. Thus,
the LiF1 communications initiation module 414 initiates
communication exchange between the airfield LiF1 system
and the aircraft LiF1 system when the aircraft LiF1 system 1s
located within light-sensing range of the airfield LiFi1 sys-
tem.

The Light Fidelity (LLiF1) data exchange module 416 1s
configured to use the communication connection to transmit
data via the plurality of airfield LED lamps and to receive
data via the plurality of airfield photo detectors, after ini-
tiation of airfield LiF1 system operations via the LiF1 com-
munications initiation module 414.

The current aircraft status and compliance module 418 1s
configured to perform analysis using received or uploaded
aircraft parameter data to obtain the uploaded aircraft
parameter data, determines whether operation of the aircraft
exceeds normal limits, whether the aircraft 1s operating in
compliance with a published and approved flight plan, and
whether current conditions indicate likelithood of a potential
runway excursion and/or potential runway incursion. The
current aircrait status and compliance module 418 1s further
configured to use the obtained aircraft parameter data to
identify situations i which performance of the aircrait
exceeds one or more thresholds, thus rendering aircrait
operations outside of acceptable limaits.

In response to exceeding a performance threshold, the
alerting module 420 provides alerts and noftifications to
ground control and to the aircrait 102, to inform personnel
of a situation requiring intervention. The alerting module
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420 1s thus configured to transmit alerts and notifications to
the aircraft LiF1 system using the visible light communica-
tions techmques of the airfield LiF1 system.

The external communications device 422 1s suitably con-
figured to communicate data between the airfield LiF1 com-
puting device 400 and one or more remote storage locations
(e.g., a server, system memory 404, or other memory hard-
ware location). The external communications device 422
may transmit and receive communications over a wireless
local area network (WLAN), the Internet, a satellite uplink/
downlink, a cellular network, a broadband network, a wide
area network, or the like. As described herein, the airfield
L1F1 computing device 400 uses airfield LED lamps, airfield
photo detectors, and wvisible light communications tech-
niques to transmit and receive data communications embed-
ded in LED beams. However, the airfield LiF1 computing
device 400 uses the external communications device 422 to
transmit and receive data that 1s outside of the LiF1 com-
munication connection between the LiF1 systems. In this
way, the external communications device 422 uses typical
wireless and/or wired communication protocols to transmit
data uploads for storage, record-keeping, and future use.

The display device 424 1s configured to display various
icons, text, and/or graphical elements associated with LiFi
data messages, Li1F1 data conversion, LiF1 data transmission
techniques, or the like. In an exemplary embodiment, the
display device 424 1s communicatively coupled to the at
least one processor 402. The at least one processor 402 and
the display device 424 are cooperatively configured to
display, render, or otherwise convey one or more graphical
representations or images associated with LiF1 data trans-
mission, [L.1F1 data conversion, and/or notifications and alerts
related to aircrait performance parameters exceeding normal
limits. In an exemplary embodiment, the display device 424
1s realized as an electronic display configured to graphically
display LiF1 data transmission and conversion data and
alerting and notification data, as described herein. In some
embodiments, the display device 424 1s external to the
airfield LiF1 computing device 400 such that the display
device 424 1s capable of presenting notifications and alerts
in a ground station, and 1s thus implemented as a ground
station display. It will be appreciated that although the
display device 424 may be implemented using a single
display, certain embodiments may use additional displays
(1.e., a plurality of displays) to accomplish the functionality
of the display device 424 described herein.

FIG. 5 1s a functional block diagram of an aircraft Light
Fidelity (LiF1) computing device 500, in accordance with
the disclosed embodiments. Many of the features, compo-
nents, and functionality of the aircrait LiF1 computing
device 500 are similar (if not i1dentical) to those described
above with reference to FIG. 4. For the sake of brevity and
clarity, shared or common features, components, and func-
tionality will not be redundantly described here in the
context of the aircraft LiF1 computing device 500.

More specifically, the at least one processor 502, the
system memory 504, the external communications device
506, the light emitting diode (LED) lamp driver module 508,
the aircraft light emitting diode (LED) lamp communica-
tions module 510, the aircrait photo detector communica-
tions module 512, the Light Fidelity (LiF1) data exchange
module 514, and the display device 516 correspond to
similar components that are described with regard to FIG. 4.
However, exemplary embodiments of the display device 516
are realized as an electronic display configured to graphi-
cally display LiF1 data transmissions, LiF1 conversion data,
alerting and notification data associated with aircrait per-
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formance, as described herein. In some embodiments, the
aircrait LiF1 computing device 5300 1s an integrated computer
system onboard the aircraft, and the display device 516 1s
located within a cockpit of the aircraft, and 1s thus 1mple-
mented as an aircraft display. In other embodiments, the
display device 516 1s implemented as a display screen of a
standalone, personal computing device (e.g., laptop com-
puter, tablet computer) that 1s communicatively coupled to
the aircraft LiF1 computing device 500. It will be appreciated
that although the display device 516 may be implemented
using a single display, certain embodiments may use addi-
tional displays (1.e., a plurality of displays) to accomplish the
functionality of the display device 516 described herein.

It should be appreciated that the aircrait LiFi1 computing
device 500 1s configured to operate cooperatively with an
aircraft LiF1 system (see FIGS. 2-3) to exchange data
communications with the plurality of aircraft onboard LED
lamps via the aircraft LED lamp communications module
510; to exchange data communications with the plurality of
aircraft onboard photo detectors via the aircrait photo detec-
tor communications module 512; to transmit and receive
data communications with an airfield LiF1 system wvia the
[1F1 data exchange module 514, and to present notifications
and alerts generated or obtained using the aircrait LiFi
system via the display device 516.

FIG. 6 1s a flow chart that illustrates an embodiment of a
process 600 for using an airfield Light Fidelity (LiF1) system
in an airfield to exchange optical wireless communications
with an aircraft, 1n accordance with the disclosed embodi-
ments. As described previously with regard to reference 106
of FIG. 1, the airfield LiF1 system includes a plurality of
airfield hght emitting diode (LED) lamps, a plurality of
airfield photo detectors, and at least one airfield processor.

For ease of description and clarity, 1t 1s assumed that the
process 600 begins by detecting aircraft exterior lights
including at least one aircrait LED lamp, via the plurality of
airfield photo detectors of the airfield LiF1 system (step 602).
Generally, the airfield photo detectors are used to receive
light-based data transmissions from aircrait LED lamps.
Here, the airfield LiF1 system includes the plurality of
airfield photo detectors positioned at intervals along the
runway of the airfield, and the airfield photo detectors
function to detect that the aircrait includes activated exterior
lights and that the aircrait has traveled within a light
detection proximity of the airfield photo detectors. Thus, the
aircraft 1s traveling within the acrodrome during landing or
during performance of surface operations on the ground.

In response to detecting the aircraft exterior lights, the
process 600 establishes a communication connection to an
aircraft LiF1 system comprising the at least one aircrait LED
lamp and at least one aircraft photo detector, by the airfield
LiF1 system (step 604). The commumnication connection
permits the airfield LiF1 system to communicate with the
aircraft LiF1 system using light. As described previously
with regard to FIGS. 1-3, the airfield LiF1 system and the
aircrait LiF1 system use transmitters 1n the form of light
emitting diodes (LEDs) and receivers in the form of photo
detectors to perform the data exchange. The process 600
then exchanges the optical wireless data communications via
the communication connection, by the airfield LiF1 system
(step 606). One suitable methodology for exchanging the
optical wireless data communications 1s described below
with reference to FIG. 7. Here, the process 600 enables the
exchange of light-based data communications when the
aircraft, and therefore the aircraft LiF1 system, are posi-
tioned within a light detection range of the plurality of
airfield photo detectors.
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FIG. 7 1s a tlow chart that illustrates an embodiment of a
process 700 for exchanging optical wireless data communi-
cations via a communication connection between an airfield
[L1F1 system and an aircraft LiF1 system, in accordance with
the disclosed embodiments. It should be appreciated that the
process 700 described 1n FIG. 7 represents one embodiment
of step 606 described above in the discussion of FIG. 6,
including additional detail.

First, the process 700 receives aircrait data communica-
tions from the at least one aircrait LED lamp onboard the
aircraft, via the plurality of airfield photo detectors (step
702). One suitable methodology for recerving aircrait data
communications from the at least one aircrait LED lamp
onboard the aircraft 1s described below with reference to
FIG. 12. The process 700 receives any type of data trans-
mission 1n the form of light from an LED lamp onboard the
aircraft, when the aircrait 1s positioned within light detection
range of at least one photodetector in the airfield. Here, the
aircraft LED lamp operates as a transmitter and the airfield
photo detector operates as a receiver. The aircraft LiFi
system uses visible light communications to transmit a set of
data to the airfield LiF1 system. Visible light communica-
tions operates by switching the current to the aircrait LED
lamp ofl and on at a very high rate, creating rapid changes
in the LED beam. The aircraft LiF1 system provides the set
of data intended for transmission to ground control to an
aircrait LED lamp using signal processing technology, and
transmits the set of data embedded 1n the LED beam at rapid
speeds to the airfield photo detector. The LED beam and
included rapid changes are received and then converted by
the airfield LiF1 system 1nto an electrical signal. The airfield
L1F1 system converts the electrical signal into a binary data
stream representative of the set of data. Embodiments of
data transmissions may include aircraft identification data,
aircraft parameter data (e.g., aircrait type and other aircraft
specifications ), real-time avionics system data obtained dur-
ing flight, or the like.

Exemplary embodiments of data transmissions recerved
from the aircrait LiF1 system may include at least one of an
aircrait tail number, real-time aircrait position data, aircraft
maintenance data, runway data, time data, and a current
aircrait speed, and wherein the aircraft data communications
comprise at least the aircraft data. The process 700 1s capable
of using aircrait data received from the aircrait LED lamps
to determine whether the aircraft currently complies with a
published approved flight plan based on the aircrait data, by
the at least one airfield processor, wherein flight plan com-
pliance indicates that the aircraft currently complies with the
published approved flight plan. In this scenario, when the
aircraft does not currently comply with the published
approved tlight plan, the process 700 transmuits an alert to the
aircraft via the plurality of airfield LED lamps, wherein the
alert includes a notification that the aircraft does not cur-
rently comply with the published approved flight plan, and
wherein the airfield data communications comprise the alert;
and presents the alert via the display device, wherein the
ground station notifications include the alert.

Next, the process 700 transmits airfield data communica-
tions to at least one aircraft photo detector onboard the
aircraft, via the plurality of airfield LED lamps, wherein the
optical wireless data communications comprise the aircraft
data communications and the airfield data communications
(step 704). One suitable methodology for transmitting air-
fiecld data communications to at least one aircraft photo
detector onboard the aircraft 1s described below with refer-
ence to FIG. 11. Here, the transmitter operations are
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lamp, and the receirver operations are switched from the
airfield photo detector to the aircrait photo detector. Thus,
the airfield LED lamp operates as a transmitter and the
aircrait photo detector operates as a receiver. The airfield
L1F1 system uses visible light communications to transmit a
set of data to the aircraft LiF1 system, 1n a manner described
previously with regard to step 702. The aircraft LiF1 system
then converts the electrical signal 1nto a binary data stream
representative of the set of data. Exemplary embodiments of
data transmissions may include alerts and notifications
applicable to current aircrait operations, data applicable to
various aircrait onboard systems, data instructions that
include tlight crew procedures, or the like.

The process 700 then presents ground station notifications
associated with at least one of the aircraft data communi-
cations and the airfield data communications, via a display
device communicatively coupled to the at least one airfield
processor (step 706). Here, the process 700 alerts personnel
at a ground station that one or more parameters associated
with the aircraft and received from the aircraft, the tlight
plan, the phase of tlight, and/or any other data parameter for
the aircraft, has been violated, has not been violated, has
changed, or has not changed. Ground station notifications
may include any type of visual indication presented by a
display (e.g., a banner, graphical elements, text, flashing
lights, distinguishing visual characteristics), or an audio
indication presented by a speaker or headset (e.g., a spoken
notification, an alarm, a tone).

FIG. 8 1s a flow chart that illustrates an embodiment of a
process 800 for identifying potential aircraft runway excur-
sions and/or potential runway incursions using a LiF1 sys-
tem, 1n accordance with the disclosed embodiments. First,
the process 800 computes a current position of the aircraft
based on aircrait data received via the plurality of airfield
photo detectors, by the at least one airfield processor,
wherein the aircrait data communications comprise at least
the aircrait data (step 802). One suitable methodology for
computing a current position of the aircrait using aircrait
data received via the plurality of airfield photo detectors 1s
described below with reference to FIG. 9.

The process 800 then determines whether the current
position indicates a potential runway excursion and/or a
potential runway 1incursion (decision 804). One suitable
methodology for determining whether the current position
indicates a potential runway excursion 1s described below
with reference to FIG. 10. One suitable methodology for
determining whether the current position indicates a poten-
tial runway incursion 1s described below with reference to
FIG. 13. A runway excursion 1s an improper aircrait exit
from a current runway, such as a runway overrun. A runway
incursion 1s any occurrence at an aerodrome involving the
incorrect presence of an aircraft, vehicle, or person on the
protected area of a surface designated for the landing and
take-ofl of aircraft. Here, the process 800 uses a position of
the aircraft that has been determined using an airfield LiFi
system 1n communication with an aircraft LiF1 system to
compute whether a potential runway excursion and/or a
potential runway incursion may occur, based on the current
position.

When the current position does not indicate that a poten-
t1al runway excursion and/or potential runway incursion can
potentially occur, the process 800 presents an alert that the
current position does not indicate the potential runway
excursion, via the display device, wherein the ground station
notifications comprise the alert (step 806) and transmits the
alert to the aircrait, via the plurality of airfield LED lamps
(step 808). However, when the current position does indicate
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that the potential runway excursion can potentially occur,
the process 800 presents an alert that the current position
indicates the potential runway excursion, via the display
device (step 810), and transmits the alert to the aircratt, via
the plurality of airfield LED lamps, wherein the alert
includes a notification of the potential runway excursion
(step 812).

FIG. 9 1s a flow chart that illustrates an embodiment of a
process 900 for computing a current aircraft position based
on aircraft L.iF1 data transmissions, in accordance with the
disclosed embodiments. It should be appreciated that the
process 900 described 1n FIG. 9 represents one embodiment
of step 802 described above in the discussion of FIG. 8,
including additional detail. First, after establishing the com-
munication connection, the process 900 receives an aircrait
data transmission comprising the aircrait data, via the plu-
rality of airfield photo detectors, the aircraft data including
at least an aircraft speed (step 902). In certain embodiments
of the process 900, the aircraft data also includes an aircrait
identification number or tail number, landed runway infor-
mation, a current time value for performing computations,
and other necessary aircrait parameters.

The process 900 then obtains time data (if not already
received via the airfield photo detectors) and location data
associated with the plurality of airfield photo detectors of the
airfield LiF1 system (step 904). Each of the plurality of
airfield photo detectors and the airfield LED lamps are
positioned at regular intervals along the runway of the
airfield, and thus, each airfield photo detector and ach
airficld LED 1s associated with a physical location. The
process 900 triangulates the current position of the aircratt,
based on detecting the aircrait exterior lights, the aircraft
speed, the time data, and the location data associated with
the plurality of airfield photo detectors. Here, the process
900 detects atrcraft exterior lights at a particular time and at
a particular location of the detecting photo detector. The
process 900 also obtains the aircrait speed, via the photo
detectors. Using the time, location, and speed of the aircrait
when detected, the process 900 1s capable of determining a
current location of the moving aircrait, wherein the current
location 1s used to 1dentify conditions for potential runway
excursions and/or potential runway incursions, as described
previously with regard to FIG. 8.

FIG. 10 1s a flow chart that illustrates an embodiment of
a process 1000 for determining whether a current aircrait
position indicates a runway excursion, 1n accordance with
the disclosed embodiments. It should be appreciated that the
process 1000 described in FIG. 10 represents one embodi-
ment of decision 804 described above in the discussion of
FIG. 8, including additional detail. The process 1000 cal-
culates a distance of usable runway remaining during opera-
tion of the aircraft, based on the current position and runway
data, by the at least one airfield processor (step 1002). The
process 1000 may receive runway parameters and specifi-
cations via LiF1 system transmission from the aircraft, or the
process 1000 may access the runway parameters and speci-
fications ifrom a memory storage location. Based on the
current position of the aircraift and the parameters specific to
one particular runway, the process 1000 1s capable of
calculating the remaining distance of the runway that is
ahead of the aircrait during traveling.

The process 1000 then determines whether the distance of
usable runway indicates the potential runway excursion, by
the at least one airfield processor, based on the current
position, an aircrait speed, time data, and location data
associated with the plurality of airfield photo detectors of the
airfield LiF1 system (step 1004). Here, the process 1000 1s
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capable of determiming whether the aircraft requires a
greater distance than the available distance 1n order to stop,
when the aircrait 1s traveling at a particular speed, at a
particular time, and at a particular location.

When the process 1000 determines that the distance does
not indicate the potential runway excursion, the process
1000 generates the alert to include the distance of usable
runway remaining and a noftification that the distance does
not indicate a potential runway excursion (step 1008). How-
ever, when the process 1000 determines that the distance
does indicate the potential runway excursion, the process
1000 generates the alert to include the distance of usable
runway remaining and a notification that the distance does
indicate a potential runway excursion (step 1008). As
described previously with regard to FIGS. 7-8, the alert 1s a
notification presented to ground personnel at air tratlic
control (ATC) or other ground station and transmitted to the
aircraft via the LiF1 system for presentation to the tlight crew
onboard the aircrait. In this scenario, the alert 1s generated
to notily ground personnel and the tlight crew of the aircraft
of a length of usable runway that 1s still available for use and
whether a potential runway excursion i1s likely to occur
based on current conditions.

FIG. 11 1s a flow chart that illustrates an embodiment of
a process 1100 for transmitting airfield data communications
using an airfield LiF1 system, in accordance with the dis-
closed embodiments. In this embodiment, the airfield LiF1
system 1s used as the transmitter and an aircraft LiF1 system
1s used as a receiver, such that a ground station transmits
data to the aircraft. It should be appreciated that the process
1100 described in FIG. 11 represents one embodiment of
step 704 described above in the discussion of FIG. 7,
including additional detail.

The process 1100 obtains a data download for an aircraift
onboard system communicatively coupled to the aircraft
L1F1 system onboard the aircrait, by the at least one airfield
processor (step 1102). The aircrait onboard system 1s any
system communicatively coupled to the aircraft LiF1 system,
and the data download 1s any set of data that can be
downloaded and used by the aircrait onboard system. Here,
the process 1100 accesses a local or remote data storage
location and obtains the data download for the aircraft
onboard system.

The process 1100 then transmits the data download to the
aircraft onboard system, via the plurality of airfield LED
lamps, wherein the airfield data communications comprise at
least the data download (step 1104). Here, the process 1100
uses the airfield LED lamps to transmit the data download,
as changes/variations of an LED beam of light, to the aircrait
photo detectors, and the aircrait LiF1 system processes the
changed/varied LED beam of light to convert the changes/
variations into a binary stream of data representative of the
data download.

In certain embodiments, the data download includes a
soltware update for the aircrait onboard system, wherein the
process 1100 obtains a soitware update for an avionics
system, by the at least one airfield processor, wherein the
data download comprises at least the software update, and
wherein the aircraft onboard system comprises the avionics
system. The process 1100 then mitiates updating of the
avionics system by transmitting the data download via the
airficld LED lamps. In other embodiments, the data down-
load includes media content for an aircrait onboard enter-
tainment system, wherein the process 1100 obtains media
content for an aircrait onboard entertainment system, by the
at least one airfield processor, wherein the data download
comprises at least the media content, and wherein the
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aircraft onboard system comprises the aircraft onboard
entertainment system. The process 1100 thus provides the
media content to the aircraft onboard entertainment system
by transmitting the data download via the airfield LED
lamps.

FIG. 12 1s a flow chart that illustrates an embodiment of
a process 1200 for receiving aircrait data communications
using an airfield LiF1 system, in accordance with the dis-
closed embodiments. In this embodiment, the airfield LiF1

system 1s used as the receiver and an aircrait LiF1 system 1s
used as a transmitter, such that the aircraft transmaits data to
the ground station using the LiF1 system. It should be
appreciated that the process 1200 described i FIG. 12
represents one embodiment of step 702 described above in
the discussion of FIG. 7, including additional detail.

The process 1200 receives a data upload from the at least
one aircrait LED lamp of the aircraft LiFi system onboard
the aircrait, via the at least one airfield photo detector (step
1202). Here, the aircrait has transmitted a set of data to the
ground station 1n the form of a data upload, using an LED
beam of light generated by the aircrait LED lamps of the
aircraft LiF1 system. The set of data transmitted by the
aircraft and received by the ground station may be used to
perform analysis and/or stored for record-keeping purposes
and potential later use.

In response to receiving the data upload, the process 1200
transmits the data upload to a storage location, via a com-
munication device communicatively coupled to the at least
one airfield processor, wherein the aircrait data communi-
cations comprise at least the data upload (step 1204). Here,
the data upload is transmitted to a memory storage location
and stored for later retrieval and use or for record-keeping
purposes. Also 1n response to receiving the data upload, the
process 1200 presents an alert for the data upload, via the
display device, wheremn the ground station notifications
comprise at least the alert (step 1206). The process 1200
presents the alert for the data upload, to inform ground
station personnel that a set of data has been received from
the aircraft, via the airfield LiF1 system. In some embodi-
ments, the data upload includes maintenance data from the
aircralt, as described below with reference to FIG. 14.

FIG. 13 1s a flow chart that illustrates an embodiment of
a process 1300 for determining whether a current aircrait
position indicates a runway incursion, in accordance with
the disclosed embodiments. It should be appreciated that the
process 1300 described in FIG. 13 represents one embodi-
ment of decision 804 described above in the discussion of
FIG. 8, including additional detail. First, the process 1300
determines existence ol an unauthorized presence on the
runway (step 1302). The unauthorized presence on the
runway may include any unauthorized aircraft, vehicle, or
person present on the current runway in use by the aircraft
for take-ofil or landing purposes.

The process 1300 then calculates a distance of usable
runway remaining between the aircraft and the unauthorized
presence, during operation ol the aircrait, based on the
current position, a position of the unauthorized presence,
and runway data, by the at least one airfield processor (step
1304). The process 1300 may receive runway parameters
and specifications via LiF1 system transmission from the
aircraft, or the process 1300 may access the runway param-
cters and specifications from a memory storage location.
Based on the current position of the aircraft, the current
position ol the unauthorized presence, and the parameters
specific to one particular runway, the process 1300 1s
capable of calculating the remaining distance of the runway

10

15

20

25

30

35

40

45

50

55

60

65

16

that 1s ahead of the aircrait, prior to a potential collision
between the aircraft and the unauthorized presence, during
traveling.

The process 1300 then determines whether the distance of
usable runway indicates the potential runway 1ncursion, by
the at least one airfield processor, based on the current
position, the position of the unauthorized presence, an
aircraft speed, time data, and location data associated with
the plurality of airfield photo detectors of the airfield LiFi
system (step 1306). Here, the process 1300 1s capable of
determining whether the aircraft requires a greater distance
than the available distance in order to stop prior to the
position of the unauthorized presence (and therefore, prior to
any potential collision), when the aircraft 1s traveling at a
particular speed, at a particular time, and at a particular
location.

When the process 1300 determines that the distance does
not indicate the potential runway incursion, the process 1300
generates the alert to include the distance of usable runway
remaining and a notification that the distance does not
indicate a potential runway incursion (step 1310). However,
when the process 1300 determines that the distance does
indicate the potential runway incursion, the process 1300
generates the alert to include the distance of usable runway
remaining and a notification that the distance does indicate
a potential runway excursion (step 1312). As described
previously with regard to FIGS. 7-8, the alert 1s a notification
presented to ground personnel at air trathic control (ATC) or
other ground station and transmitted to the aircraft via the
L1F1 system for presentation to the flight crew onboard the
aircraft. In this scenario, the alert 1s generated to notily
ground personnel and the flight crew of the aircraft of a
length of usable runway that is still available for use and

whether a potential runway excursion i1s likely to occur
based on current conditions.

FIG. 14 1s a flow chart that 1llustrates an embodiment of
a process 1400 for recerving aircraft data communications,
including aircraft maintenance data, using an airfield LiFi
system, 1n accordance with the disclosed embodiments. In
this embodiment, the airfield LiF1 system 1s used as th
receiver and an aircraft LiF1 system 1s used as a transmitter,
such that the aircraft transmits data to the ground station
using the LiF1 system. It should be appreciated that the
process 1400 described 1n FIG. 14 represents one embodi-
ment of step 702 described above 1n the discussion of FIG.
7, including additional detail. More specifically, the process
1400 described 1n FIG. 14 represents one particular imple-
mentation of the process 1200 described previously with
regard to FIG. 12.

The process 1400 recerves a data upload from the at least
one aircrait LED lamp of the aircraft LiFi1 system onboard
the aircrait, including at least maintenance data comprising,
a remaining usable time for the aircraft exterior lights, via
the at least one airfield photo detector (step 1402). Here, the
aircraft has transmitted a set of maintenance data to the
ground station in the form of a data upload, using an LED
beam of light generated by the aircrait LED lamps of the
aircrait LiF1 system. In this particular embodiment, the set of
data transmitted by the aircrait and received by the ground
station includes a remaining usable life of the aircraft
exterior lights that are used by the aircraft to perform LiFi
operations (e.g., to communicate with the airfield LiFi
system), and the transmitted set of data informs the ground
station personnel of a time duration for continued operation
of the aircrait exterior lights. Such maintenance data may be
transmitted by the aircraft LiF1 system, and received by the
airfield LiF1 system, to facilitate timely performance of
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maintenance operations that include replacement of aircraift
exterior lights at an approprate time.

In response to receiving the data upload, the process 1400
transmits the data upload to a storage location, via a com-
munication device communicatively coupled to the at least
one airfield processor, wherein the aircrait data communi-
cations comprise at least the data upload (step 1404). Here,
the data upload is transmitted to a memory storage location
and stored for later retrieval and use during maintenance
applications, or for aircralt maintenance record-keeping
purposes. Also 1n response to receiving the data upload, the
process 1400 presents an alert for the data upload, via the
display device, wherein the ground station noftifications
comprise at least the alert (step 1406). The process 1400
presents the alert for the data upload, to inform ground
station personnel that the set of maintenance data has been
received from the aircraft, via the airfield LiFi1 system.

Thus, in the described embodiment, the data upload
includes maintenance data from the aircrait, and the process
1400 receives the maintenance data associated with the
aircraft exterior lights, via the plurality of airfield photo
detectors, wherein the maintenance data comprises at least a
remaining usable time for the aircrait exterior lights. In
response to recerving the maintenance data, the process
1400 presents a maintenance alert via the display device,
wherein the alert includes at least the maintenance alert; and
transmits the maintenance alert to the aircrait via the airfield
LED lamps. Thus, 1n this particular embodiment, the process
1400 operates to inform ground station personnel and flight
crew personnel of maintenance data including at least a
remaining usable time for the aircrait exterior lights.

The various tasks performed in connection with processes
600-1400 may be performed by software, hardware, firm-
ware, or any combination thereof. For 1llustrative purposes,
the preceding descriptions of processes 600-1400 may refer
to elements mentioned above in connection with FIGS. 1-5.
In practice, portions ol processes 600-1400 may be per-
formed by different elements of the described system. It
should be appreciated that processes 600-1400 may include
any number of additional or alternative tasks, the tasks
shown 1n FIGS. 6-14 need not be performed 1n the illustrated
order, and processes 600-1400 may be incorporated into a
more comprehensive procedure or process having additional
functionality not described 1n detail herein. Moreover, one or
more of the tasks shown in FIGS. 6-14 could be omitted
from embodiments of the processes 600-1400 as long as the
intended overall functionality remains intact.

Techniques and technologies may be described herein in
terms of functional and/or logical block components, and
with reference to symbolic representations ol operations,
processing tasks, and functions that may be performed by
various computing components or devices. Such operations,
tasks, and functions are sometimes referred to as being
computer-executed, computerized, soltware-implemented,
or computer-implemented. In practice, one or more proces-
sor devices can carry out the described operations, tasks, and
functions by manipulating electrical signals representing
data bits at memory locations 1n the system memory, as well
as other processing of signals. The memory locations where
data bits are maintained are physical locations that have
particular electrical, magnetic, optical, or organic properties
corresponding to the data bits. It should be appreciated that
the various block components shown 1n the figures may be
realized by any number of hardware, software, and/or firm-
ware components configured to perform the specified func-
tions. For example, an embodiment of a system or a com-
ponent may employ various integrated circuit components,
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¢.g., memory elements, digital signal processing elements,
logic elements, look-up tables, or the like, which may carry
out a variety of functions under the control of one or more
microprocessors or other control devices.

When mmplemented 1n software or firmware, various
clements of the systems described herein are essentially the
code segments or 1nstructions that perform the various tasks.
The program or code segments can be stored 1n a processor-
readable medium or transmitted by a computer data signal
embodied 1n a carrier wave over a transmission medium or
communication path. The “computer-readable medium”,
“processor-readable medum”, or “machine-readable
medium”™ may include any medium that can store or transier
information. Examples of the processor-readable medium

include an electronic circuit, a semiconductor memory
device, a ROM, a flash memory, an erasable ROM (EROM),

a floppy diskette, a CD-ROM, an optical disk, a hard disk,
a fiber optic medium, a radio frequency (RF) link, or the like.
The computer data signal may include any signal that can
propagate over a transmission medium such as electronic
network channels, optical fibers, air, electromagnetic paths,
or RF links. The code segments may be downloaded via
computer networks such as the Internet, an intranet, a LAN,
or the like.

The following description refers to elements or nodes or
features being “connected” or “coupled” together. As used
herein, unless expressly stated otherwise, “coupled” means
that one element/node/feature 1s directly or indirectly joined
to (or directly or indirectly communicates with) another
clement/node/feature, and not necessarily mechanically.
Likewise, unless expressly stated otherwise, “connected”
means that one element/node/feature 1s directly joined to (or
directly communicates with) another element/node/feature,
and not necessarily mechanically. Thus, although the sche-
matic shown 1n FIGS. 4-5 depicts one exemplary arrange-
ment of elements, additional intervening elements, devices,
features, or components may be present in an embodiment
of the depicted subject matter.

For the sake of brevity, conventional techniques related to
signal processing, data transmission, signaling, network
control, and other functional aspects of the systems (and the
individual operating components of the systems) may not be
described in detail herein. Furthermore, the connecting lines
shown 1n the various figures contained herein are intended to
represent exemplary functional relationships and/or physical
couplings between the various elements. It should be noted
that many alternative or additional functional relationships
or physical connections may be present in an embodiment of
the subject matter.

Some of the functional units described 1n this specifica-
tion have been referred to as “modules” 1n order to more
particularly emphasize their implementation independence.
For example, functionality referred to herein as a module
may be implemented wholly, or partially, as a hardware
circuit comprising custom VLSI circuits or gate arrays,
ofl-the-shelf semiconductors such as logic chips, transistors,
or other discrete components. A module may also be 1imple-
mented 1n programmable hardware devices such as field
programmable gate arrays, programmable array logic, pro-
grammable logic devices, or the like. Modules may also be
implemented 1n software for execution by various types of
processors. An identified module of executable code may,
for instance, comprise one or more physical or logical
modules of computer 1nstructions that may, for instance, be
organized as an object, procedure, or function. Nevertheless,
the executables of an 1dentified module need not be physi-
cally located together, but may comprise disparate instruc-
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tions stored 1n different locations that, when joined logically
together, comprise the module and achieve the stated pur-
pose for the module. Indeed, a module of executable code
may be a single mstruction, or many instructions, and may
cven be distributed over several different code segments,
among different programs, and across several memory
devices. Similarly, operational data may be embodied in any
suitable form and organized within any suitable type of data
structure. The operational data may be collected as a single
data set, or may be distributed over different locations
including over different storage devices, and may exist, at
least partially, merely as electronic signals on a system or
network.

While at least one exemplary embodiment has been
presented in the foregoing detailed description, 1t should be
appreciated that a vast number of variations exist. It should
also be appreciated that the exemplary embodiment or
embodiments described herein are not intended to limait the
scope, applicability, or configuration of the claimed subject
matter in any way. Rather, the foregoing detailed description
will provide those skilled 1n the art with a convenient road
map Jor implementing the described embodiment or
embodiments. It should be understood that various changes
can be made in the function and arrangement of elements
without departing from the scope defined by the claims,
which includes known equivalents and foreseeable equiva-
lents at the time of filing this patent application.

What 1s claimed 1s:

1. A method for using an airfield Light Fidelity (LiF1)
system 1n an airfield to exchange optical wireless data
communications with an aircrait, the airfield LiF1 system
comprising at least a plurality of airfield light-emitting diode
(LED) lamps, and at least one airfield processor, the method
comprising;

detecting aircrait exterior lights including at least one

aircraft LED lamp, via a plurality of airfield photo
detectors communicatively coupled to the at least one
airfield processor, wherein the airfield LiF1 system
comprises the plurality of airfield photo detectors posi-
tioned at intervals along a runway of the airfield;

in response to detecting the aircraft exterior lights, estab-

lishing a communication connection to an aircraft LiF1

system comprising the at least one aircrait LED lamp

and at least one aircraft photo detector, by the airfield

L1iF1 system; and

exchanging the optical wireless data communications via

the commumication connection, by the airfield LiFi

system, by:

receiving aircrait data communications from the at least
one aircrait LED lamp onboard the aircrait, via the
plurality of airfield photo detectors;

transmitting airfield data communications to at least
one aircrait photo detector onboard the aircraft, via
the plurality of airfield LED lamps, wherein the
optical wireless data communications comprise the
aircrait data communications and the airfield data
communications; and

presenting ground station notifications associated with
at least one of the aircrait data communications and
the airfield data communications, via a display
device communicatively coupled to the at least one
airfield processor, wherein receiving the aircrait data
communications further comprises:

receiving, by the at least one airfield processor, a data
upload from the at least one aircrait LED lamp of the
aircrait LiF1 system onboard the aircraft, the data
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upload comprising remaining usable time for the
aircraft exterior lights, and
in response to recerving the data upload,
transmitting the data upload to a storage location, via
a communication device commumnicatively
coupled to the at least one airfield processor;
presenting a maintenance alert via the display
device; and
transmitting the maintenance alert to the aircraft via
the plurality of airfield LED lamps.
2. The method of claim 1, further comprising:
receiving aircrait data from the aircrait via the plurality of
airfield photo detectors, by the at least one airfield
processor, the aircrait data comprising at least one of an
aircrait taill number, aircrait position data, aircraift
maintenance recorder data, runway data, time data, and
a current aircrait speed, and wherein the aircrait data
communications comprise at least the aircraft data;
determiming whether the aircraft currently complies with
a published approved flight plan based on the aircrait
data, by the at least one airfield processor, wherein
flight plan compliance indicates that the aircraft cur-
rently complies with the published approved flight
plan; and
when the aircrait does not currently comply with the
published approved flight plan,
transmitting an alert to the aircraft via the plurality of
airficld LED lamps, wheremn the alert includes a
notification that the aircrait does not currently com-
ply with the published approved flight plan, and
wherein the airfield data communications comprise
the alert; and
presenting the alert via the display device, wherein the
ground station notifications include the alert.
3. The method of claim 1, further comprising:
computing a current position of the aircraft based on
aircraft data received via the plurality of airfield photo
detectors, by the at least one airfield processor, wherein
the aircrait data communications comprise at least the
aircraft data;

determiming whether the current position indicates a
potential runway excursion comprising an improper
atircraft exit from a current runway or a potential
runway incursion comprising an unauthorized presence
on the runway; and

when the current position indicates the potential runway
excursion or the potential runway incursion, transmit-
ting an alert to the aircrait via the plurality of airfield

LED lamps, wherein the alert includes a notification of

the potential runway excursion or the potential runway
1ncursion.
4. The method of claim 3, wherein computing the current
position further comprises:
alter establishing the communication connection,
receiving an aircrait data transmission comprising the
aircraft data, via the plurality of airfield photo detec-
tors, the aircraft data including at least an aircraft
speed;
obtaining time data and location data associated with
the plurality of airfield photo detectors of the airfield
LiF1 system; and
triangulating the current position of the aircrait, based
on detecting the aircraft exterior lights, the aircraift
speed, the time data, and the location data associated
with the plurality of airfield photo detectors.
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5. The method of claim 3, wherein determining whether
the current position indicates the potential runway excursion
turther comprises:
calculating a distance of usable runway remaining during,
operation of the aircraft, based on the current position
and runway data, by the at least one airfield processor;

determining whether the distance of usable runway 1ndi-
cates the potential runway excursion, by the at least one
airfield processor, based on the current position, an
aircraft speed, time data, and location data associated
with the plurality of airfield photo detectors of the
airfield LiF1 system; and

transmitting the alert to the aircrait, via the plurality of

airficld LED lamps, wherein the alert includes the
distance of usable runway remaining and a second
notification that the distance indicates the potential
runway excursion.

6. The method of claim 1, wherein transmitting the airfield
data communications further comprises:

obtaining a data download for an aircraft onboard system

communicatively coupled to the aircraft LiF1 system
onboard the aircraft, by the at least one airfield proces-
sor; and

transmitting the data download to the aircrait onboard

system, via the plurality of airfield LED lamps, wherein
the airfield data communications comprise at least the
data download.

7. The method of claim 6, further comprising;:

obtaining a software update for an avionics system, by the

at least one airfield processor, wherein the data down-
load comprises at least the soiftware update, and
wherein the aircrait onboard system comprises the
avionics system;

initiating updating of the avionics system by transmitting,

the data download via the plurality of airfield LED
lamps.

8. The method of claim 6, further comprising;:

obtaining media content for an aircrait onboard entertain-

ment system, by the at least one airfield processor,
wherein the data download comprises at least the media
content, and wherein the aircraft onboard system com-
prises the aircrait onboard entertainment system;

providing the media content to the aircraft onboard enter-
tamnment system by transmitting the data download via
the plurality of airfield LED lamps.

9. An airfield Light Fidelity (LLiF1) system positioned 1n an
airfield and used to exchange optical wireless data commu-
nications with an aircraft, the airfield LiF1 system compris-
ng:

a plurality of airfield LED lamps configured to transmit
the optical wireless data communications to an aircraft
L1F1 system onboard the aircrait, the plurality of air-
field LED lamps being positioned at intervals along a
runway ol the airfield;

a plurality of airfield photo detectors configured to receive
the optical wireless data communications from the
aircraft LiF1 system, the plurality of airfield photo
detectors being positioned at mtervals along a runway
of the airfield;

a communication device configured to transmit external
data;

a display device configured to present graphical elements
and text for the airfield LiF1 system; and

at least one airfield processor communicatively coupled to
the plurality of airfield LED lamps, the plurality of
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airfield photo detectors, the communication device, and
the display device, the at least one airfield processor
configured to:
detect aircraft exterior lights including at least one
aircraft LED lamp, via the plurality of airfield photo
detectors:
in response to detecting the aircraft exterior lights,
establish a communication connection to the aircrait
LiF1 system comprising the at least one aircraft LED
lamp and at least one aircrait photo detector; and
exchange the optical wireless data communications via
the communication connection, by:
receiving aircrait data communications from the at
least one aircrait LED lamp onboard the aircratt,
via the plurality of airfield photo detectors;
transmitting airfield data communications to at least
one aircrait photo detector onboard the aircraft,
via the plurality of airfield LED lamps, wherein
the optical wireless data communications com-
prise the aircrait data communications and the
airfield data communications; and
presenting ground station notifications associated
with at least one of the aircrait data communica-
tions and the airfield data communications, via the
display device,
wherein the at least one airfield processor 1s further
configured to:
receive, via the plurality of airfield photo detectors, a
data upload from the at least one aircraft LED lamp
of the aircraft LiF1 system onboard the aircraft, the
data upload comprising maintenance data associated
with the aircraft exterior lights, wherein the mainte-
nance data comprises at least a remaining usable
time for the aircraft exterior lights; and
in response to recerving the data upload,
transmit the data upload to a storage location, via the
communication device communicatively coupled
to the at least one airfield processor, wherein the
atrcraft data communications comprise at least the
data upload;
present a maintenance alert via the display device;
and
transmit the maintenance alert to the aircrait via the
plurality of airfield LED lamps.
10. The airfield LiF1 system of claim 9, wherein the at
least one airfield processor 1s further configured to:
recerve aircrait data from the aircrait via the plurality of
airfield photo detectors, the aircrait data comprising at
least one of an aircraft tail number, runway data, time
data, and a current aircraft speed, and wherein the
aircraft data communications comprise at least the
aircraft data:
determine whether the aircrait currently complies with a
published approved flight plan based on the aircraft
data, wherein tlight plan compliance indicates that the
aircrait currently complies with the published approved
tlight plan; and
when the aircraft does not currently comply with the
published approved flight plan,
transmit an alert to the aircraft via the plurality of
airficld LED lamps, wherein the alert includes a
notification that the aircrait does not currently com-
ply with the published approved flight plan, and
wherein the airfield data communications comprise
the alert; and
present the alert via the display device, wherein the
ground station notifications include the alert.
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11. The awrfield LiF1 system of claim 9, wherein the at
least one airfield processor 1s further configured to:

compute a current position of the aircraft based on aircraft
data received via the plurality of airfield photo detec-
tors, wherein the aircraft data communications com-
prise at least the aircrait data;

determine whether the current position indicates a poten-
t1al runway excursion comprising an improper aircraft
exit from a current runway; and

when the current position indicates the potential runway 1

excursion, transmit an alert to the aircraft via the
plurality of awrfield LED lamps, wherein the alert
includes a notification of the potential runway excur-
S101.

12. The airfield LiF1 system of claim 11, wherein the at
least one airfield processor 1s further configured to compute
the current position, by:

after establishing the communication connection,

receiving an aircraft data transmission comprising the
aircrait data, via the plurality of airfield photo detec-
tors, the aircraft data including at least an aircraft
speed;

obtaining time data and location data associated with
the plurality of airfield photo detectors of the airfield
LiF1 system; and

triangulating the current position of the aircraft, based
on detecting the aircraft exterior lights, the aircraift
speed, the time data, and the location data associated
with the plurality of airfield photo detectors.

13. The airfield LiF1 system of claim 11, wherein the at
least one airfield processor 1s further configured to determine
whether the current position indicates the potential runway
excursion, by:

calculating a distance of usable runway remaining during

operation of the aircrait, based on the current position
and runway data;

determining whether the distance of usable runway 1ndi-

cates the potential runway excursion to generate an
indication of potential runway excursion, based on the
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current position, an aircrait speed, time data, and loca-
tion data associated with the plurality of airfield photo
detectors of the airfield LiF1 system; and
transmitting the alert to the aircraft, via the plurality of
d airfield LED lamps, wherein the alert includes the
distance of usable runway remaining and a second
notification that the distance indicates the potential
runway excursion.
14. The airfield LiF1 system of claim 9, wherein the at
" least one airfield processor 1s further configured to transmit
the airfield data commumications, by:
obtaining a data download for an aircrait onboard system
communicatively coupled to the aircraft LiF1 system
onboard the aircraft; and
transmitting the data download to the aircrait onboard
system, via the plurality of airfield LED lamps, wherein
the airfield data communications comprise at least the
data download.
15. The airfield LiF1 system of claim 14, wherein the at
least one airfield processor 1s further configured to:
obtain a software update for an avionics system, wherein
the data download comprises at least the software
update, and wherein the aircraft onboard system com-
prises the avionics system;
initiate updating of the avionics system by transmitting,
the data download wvia the plurality of airfield LED
lamps.
16. The airfield LiF1 system of claim 14, wherein the at
least one airfield processor 1s further configured to:
obtain media content for an aircraft onboard entertain-
ment system, wherein the data download comprises at
least the media content, and wherein the aircraft
onboard system comprises the aircrait onboard enter-
tainment system;
providing the media content to the aircrait onboard enter-

tamnment system by transmitting the data download via
the plurality of airfield LED lamps.

15

20

25

30

35

G o e = x



	Front Page
	Drawings
	Specification
	Claims

